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Abstract Nuclear DNA markers, such as short tandem
repeats (STR), are widely used for crime investigation and
paternity testing. STR were used to determine whether a piece
of tissue regurgitated by a dog was part of the penis of a dead,
emasculated, man. Unexpectedly, when analyzing the recov-
ered material and a blood sample from the deceased, five out
of the 18 loci differed. According to the results, one could
have concluded that these samples originated from two
different persons. However, taking into account contextual
information and data from complementary genetic analyses,
the most likely hypothesis was that the deceased was a genetic
mosaic or a chimera. Within a forensic genetic context, such
genetic peculiarities may prevent associating the perpetrator
of an offense with a stain left at a crime scene or lead to false
paternity exclusions. Fast recognition of mosaics or chimeras,
adapted sampling scheme, as well as careful interpretation of
the data should allow avoiding such pitfalls.
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Introduction
Nuclear DNA markers, such as short tandem repeats (STR),
are widely used for crime investigation and paternity
testing. They may lead to erroneous conclusions when the
person at the source of the biological material analyzed is a
genetic mosaic or a chimera.
Mosaicism refers to individuals with genetically distinct
cell lines that originated from a single zygote, whereas
chimerism refers to those who originated from more than
one zygote [1]. Although these definitions are unambigu-
ous, it may be difficult to determine, in routine cases,
whether the coexistence of several STR profiles with an
individual is a consequence of chimerism or mosaicism.
Here, we report a case where a deceased man had two
different tissue-specific STR profiles. Potential implications
of such genetic particularities are discussed in a wider
genetic forensic context.
Case report
An 88-year-old man was found dead at his home with a
genital wound and part of his penis missing. No other
injuries were observed on the body and no traces of
violence were found nearby. The dog of the deceased,
which was present at the scene, was suspected of being
responsible for this partial emasculation. Following the
administration of an emetic, a piece of connective tissue,
about the size of a hazelnut, was recovered from its
gastric content. It was assumed to be a fragment of the
glans penis. Forensic genetic analyses were undertaken
to investigate whether this piece of tissue effectively
originated from the dead man.
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Methods
Peripheral blood from the deceased was analyzed to obtain a
reference DNA profile for comparison with the glans penis
DNA profile. DNA was extracted from 200μl of blood
and about 100 mg of tissue with the QIAamp DNA mini
kit following the manufacturer’s (Qiagen AG, Basel,
Switzerland) instructions. DNA extracts were concentrated
with Microcon 30 filters (Millipore AG, Volketswil, Switzer-
land) in order to get about 25μl final volume. DNA was
amplified with the PowerPlex16 (Promega AG, Dübendorf,
Switzerland) and AmpFlSTR SEFiler (Applera Europe,
Rotkreuz, Switzerland) which allow to amplify a total of 18
STR markers (D3S1358, TH01, D21S11, D18S51, Penta E,
D5S818, D13S317, D7S820, D16S539, CSF1PO, Penta D,
VWA, D8S1179, TPOX, FGA, D2S1338, D19S433, and
SE33 also called ACTBP2) using standard protocols.
Polymerase chain reaction (PCR) products were analyzed on
an ABI Prism 3100 genetic analyzer with Genemapper
software (Applera Europe) following standard procedures.
Results
Unexpectedly, two STR profiles differing at five out of 18
loci (28%) were obtained from the blood of the deceased
and the piece of tissue regurgitated by the dog. When
compared to the glans penis STR profile, the blood STR
profile showed losses of heterozygosity at loci D3S1358,
D5S818, and CSF1PO and allele changes at locus SE33
and FGA (Table 1). These particularities can be viewed in
the figure available as ESM 1. New samples were collected
from different tissues of the deceased in order to test if the
deceased could be a genetic mosaic or a chimera. They
were characterized either by single STR profiles identical to
the one of the glans penis or with mixed STR profiles that
corresponded to the addition of the glans penis and the
blood STR profiles (Table 1). Single STR profiles identical
to the one found in blood were not detected in other tissues.
Discussion
The results showed that the deceased had two genetically
distinct cell lines. His physician was contacted and
informed us that his patient suffered from a lymphoma
but had not received blood transfusions or a bone
marrow transplant. Although blood transfusion is not
thought to affect DNA profiling [2], this medical
information allowed to exclude chimerism associated
with medical intervention (i.e., artificial chimerism) see,
e.g., [3–6] as being the explanation of the observed
pattern. Natural chimerisms resulting from the fusion of
zygotes [7], from exchanges of blood between fetuses in
utero, e.g., [8–10], or from double parental contribution,
e.g., [11–14] as well as mosaicism are compatible with our
data. Mosaics originate from somatic mutation and have
generally only one STR locus altered [15, 16], but cancer
may considerably increase the mutability of genetic
markers, e.g., [17–21]. For instance, STR markers were
altered respectively in 33% and 68% of oral and
gastrointestinal cancer patients, with more than half of
the patients having several loci altered [18, 21]. STR loci
from cancerous cells can be characterized by both partial
(allele imbalance) and complete loss of heterozygosity
(LOH) and microsatellite instability (MIS, i.e., gain or
loss of repetitive units), e.g., [17, 18, 21]. LOH is
probably associated with chromosome instability and
occurs randomly across the different STR loci. MIS is
caused by slippage of the DNA polymerase during
replication associated with mismatch repair, e.g., [21,
22] and, therefore, should preferentially affect loci
having the highest germline mutation rate. This mecha-
nism is compatible with our data since MIS-affected loci
SE33 (also called ACTBP2) and FGA that have high
germline mutation rates, whereas LOH was found in loci
D3S1358, D5S818, and CSF1PO characterized with
intermediate to low germline mutation rates (Table 1).
Genotyping of the deceased man’s parents is not possible in
our case but could have allowed identifying that he was a
Table 1 Allele differences observed among DNA profiles from different tissues of the same dead person
Sample origin D3S1358 D5S818 CSF1PO FGA SE33/ACTBP2
Penis glans, buccal cells (swab), back head skin, right leg skin,
right shoulder skin, liver, brain, and right leg muscle (a)
15–18 9–11 10–12 20–24 14–29.2
Blood (b) 15–15 11–11 10–10 21–24 14–28.2
Pubis skin, left leg muscle, spleen, left femur marrow, and sternum marrow (c) 15–18 9–11 10–12 20–21–24 14–28.2–29.2
Germline mutation ratesa 0.12% 0.11% 0.16% 0.28% 0.64%
Chromosomal locationa 3p21.31 5q23.2 5q33.1 4q28 6q14
Profiles (c) displayed mixture characteristics and corresponded to the addition of profiles (a) and (b). No differences were observed among the 13
other STR loci tested (PowerPlex 16 and AmpFlSTR SEfiler kits)
a from www.cstl.nist.gov/biotech/strbase/
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chimera (all his alleles should be present in his parents) or a
mosaic (some alleles were not inherited from his parents but
created by mutations).
The frequency of occurrence of chimeras and mosaics
in the general population is unknown. For the year 2006,
hematopoietic stem cell allotransplants that result in
artificial chimeras, concerned about 2/100,000 persons
in France (www.agence-biomedecine.fr) as well as in
Switzerland (www.bag.admin.ch/transplantation). Natural
chimerism has certainly increased due to the implantation
of several embryos following in vitro fertilization [23]
and may concern up to 10% of the population [8].
Concerning mosaics, data from the Swiss Association of
Cancer Registries (www.arst.ch), standardized for the
European population age structure, allow an estimate of
annual incidences of 24/100,000 for oral cavity and
pharyngeal cancers and of 52/100,000 for Hodgkin’s
disease, non-Hodgkins lymphoma, and leukemia. These
cancers may interfere with forensic genetic applications
since, for instance, the altered DNA from a buccal swab
or from the blood of such mosaic will not match the
DNA he transmitted to his offspring or the semen or
epithelial cells left at the crime scene. Even if these
phenomena are seldom, one could expect to find out
several chimeras and mosaics within huge databases that
can contain up to several millions of DNA profiles for
crime investigation.
Following cautions should allow the minimization of
the negative outcomes of genetic chimeras and mosaics.
Before biological material is collected for crime investi-
gation or paternity testing, it is highly recommended to
ask whether the concerned person has received a
transplant, has cancer, or has any known genetic
particularity. These simple questions may allow focusing
on tissues where the “original” STR profile of the person
is likely to be found. When comparing STR profiles,
partial match with apparent exclusions at a few loci
might concern not only closely related persons but also a
single genetic mosaic or chimera. Medical and/or familial
information should allow the evaluation of these scenar-
ios. Finally, when a known person is supposed to be a
mosaic or a chimera, the STR profile should be
established from several different tissues. In particular,
it could be crucial for crime cases to compare DNA from
the same tissue, e.g., a bloodstain vs. blood of the
suspect or a semen stain vs. semen of the suspect.
Alternatively, parents of chimeras and mosaics can be
genotyped in order to identify their “original” alleles.
When reporting DNA results in a case, the weight of
DNA evidence is generally evaluated with a likelihood
ratio (LR) [24] which is an estimate of the probability of
the DNA match under two alternative hypotheses that are
generally H1: the DNA came from the suspect (or the
tested man is the father of the child) and H2: the DNA
came from a random person (or a random man is the father
of the child). LRs>1 support H1, LRs=1 are neutral,
whereas LRs<1 support the alternative H2. Very high
LRs, of the order of 1015 for 10 STR loci profile matches,
can be obtained when using STR markers multiplexes.
Such huge figures are difficult to justify and are somewhat
biased towards H1. Consequently, some authors recom-
mended reporting maximal LRs of 109 in such situation
[25]. In contrast, no threshold exists when genetic
incompatibilities are observed. In such cases, LR values
of zero are sometimes given, without any calculation.
This can be the case for paternity tests when more than
three exclusions are found, e.g., [26, 27]. This way of
reporting the DNA evidence is biased toward H2 and
would leave no chance for H1 to be true. It may result in
false conclusions when a genetic mosaic or a chimera is
involved in a case. It is, therefore, recommended that an
appropriate probabilistic analysis of the crime or pater-
nity case, taking into account inconsistencies between
STR profiles, should be used [28].
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